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(54) PRbCK 

(57) The object of the present invention is to provide: a novel method for effectively producing a cyclic lactic acid 
oligomer, and a cyclic lactic acid oligomer produced by the method: According to the present invention , there is provided 
a method forprdducing a: cyclic lactic'acid oligomer represented by : rt : 




CD 



^ wherein m represents an integer of. 1 to 30, 

wherein lactides are polymerized in the presence of an alkali metal compound represented by the following formula (2): 

CD 

;.T- 

^ ' . R-Y-Me • • (2) 

o> '■/■ ;,) ■■. y..v, ; - > ;: ' ,:<'••'•/.:. . ■;>: ^. M'J ', V. v. 

CM ' ' 'wherein- '' :'" ": •: " /'";•" v; v ;' ? '-• : > r ...v. ; ...... . 
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R represents an aliphatic group, aromatic group, -Si(R 10 )(R 11 )(R 12 ), -CH(R 20 ) CONFER 22 or -CH(R 30 )COOR 31 , 
wherein each of R 10 , R 11 and R 1 2 independently represents an aliphatic or aromatic group, R 20 represents an 
aliphatic group, each of R 21 and R 22 independently represents a hydrogen atom, aliphatic group or aromatic group, 
R30 represents an aliphatic group, an d .R 31 represents a hydrogen atom, aliphatic group or aromatic group; 
Y represehts>0-, -S- or -NR 40 -;, wherein R 40 represents a hydrogen atom, 'aliphatic group or aromatic group; and 
Me represents an/alkali metal; and, 

a cyclic lactic acid oligomer produced by the above production method 
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Description . ,;f; 
TECHNICAL FIELD 

s [0001] The present invention relates to a method for producing acyclic lactic acid oligomer, and a cyclic lactic acid 
•oiigomer produced by the production method, r 

■ ".- BAckGROOND-A " 

10 [0002] A lactic acid oligomer having a cyclic structure is a useful compound which is used as a medicament such as 
: a tumor cell growth inhibiting agent (Japanese Patent Application Laying-Open (Kokai) No. 3-1 93731) or an antineo- 
plastic agent (Japanese Patent Application Laying-Open (Kokai) No. 9-227388), or an intermediate thereof. 
[0003] The conventional method for producing such a lactic acid oligomer involves subjecting lactic acids to.dehy- 
dration condensation by heating under an inactive atmosphere, and then separating and collecting an oligomer corn- 
's ponent from the obtained reaction products. 

[0004] However, since it is difficult to produce a lactic acid oligomer selectively by this conventional method and that 
the lactic acid polymer obtained in the dehydration condensation process of lactic acids has a broad molecular weight 
distribution, containing high polymers, it is necessary to separate and collect a lactic acid oligomer by separation means 
such as chromatography. 
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DISCLOSURE S THE INVENTION 



. [0005] . The object of the present invention is to provide a: novel method for effectively producing a cyclic lactic acid 
oligomer, and a cyclic lactic acid oligomer produced by the method. 
25 . . [0006] - As;a result of concentrated research to achiev present inventors have found 

that a cyclic ilacticacid oiigomer the. presence of a certain 

alkali rnetal compound, thereby providing the present invention. : • 
..• [0007] : Thus- accord ing to the present invention .there is provided a method for producing a cyclic lactic acid oligomer 
represented by the following formula (1 ): 




(1 j 



40 

wherein m represents an integer of 1 to 30, 

wherein lactides are polymerized in the presence of an alkali metal compound represented by the following formula (2): 

wherein: ; : . .V y;. ■■-.:[ . <■'. ■V'S';; : :\ - ;\-:. : V- ' \ ;'. • . . •' -'-x. ./-:;;•.. ; ■ : - : ■■ 

; ; 50 R representing -Si(R'«0)(Rii)(Ri2) ) -CH(R20) CONR21R22 or -CH(R 30 )COOR31, 

;Wherein each of R 10 , t\V. and R 12 independently represents an aliphatic' or aromatic group, R 20 . represents an 
aliphatic group; each of R 21 and R 22 :ihdependently represents a hydrogen atom, aliphatic group or aromatic group, 
. R 30 represents an aliphatic group; and R 3 1 represents a hydrogen atom, aliphatic group or aromatic group; 
Y' represents -0-, -S- or -NR 40 -, wherein R 40 . represents a hydrogen atom, aliphatic group or aromatic group; and 
55 . Me represents an alkali metal.. 

[0008] Preferably, the alkali metal compound is a compound. of formula (2) wherein R represents an alkyl group, 
having 1 to 1 2 carbon atoms, aryl group having 6 to 30 carbon atoms, -Si(R 10 )(R 11 )(R 12 ), -CH(R 20 )CONR 21 R 22 or -CH 
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, (R 30 )COOR 31 i wherein each of R 10 , R 11 and R 12 independently represents an aliphatic or aromatic group, R 20 repre- 
sents an aliphatic group, each of R 21 and R 22 independently represents a hydrogen atom, aliphatic group or aromatic 
group, R^ represents an aliphatic group, and R 31 represents a hydrogen atom, aliphatic group or aromatic group. 
[0009] Preferably, the alkali metal compound is a compound of formula (2) wherein Y is -O- or -S-, 
5 [001 0] ; Preferably, the alkali metal compound is a compound of formula (2) wherein Me is lithium; 
•[001 1] Preferably, in formula (1 ), m is an integer of 1 to 21 . 
... [0012] According to one embodiment of the present invention, as the alkali metal compound, there is used any of: 
a compound of formula (2) wherein R is an aliphatic group having 4 or more carbon atoms; a compound of formula (2) 
wherein Riis an aromatic group and Y is -S-; or acompound of formula (2) wherein R is -CH(R 20 )CONR 21 R 22 wherein 
10 R 20 ; represents an aliphatic group and each of R 21 and R 22 independently represents a hydrogen atom, aliphatic group 
: br-arornaticgroup; in the case ofusing such alkali metalcompounds, cyclic lactic acid oligomer is selectively produced 
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[0013] According to another aspect of the present invention; there is provided a cyclic lactic acid oligomer, which is 
I produced by-the aforemehtioned method for producing a cyclic lactic acid oligomer according to the present invention. 
Preferably,; there Is proyldedi lactic acid oligomer, v 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] 



v\Figure 1 ; shows -a genera view of NM R of the product obtained in Example 1 • ■: 
Figure 2:shows a partial scale view of NMR of Figure 1 . 
Figure 3 shows a partial scale view of NMR of Figure 1 . 
Figure 4 shows a general view of NMR of the product bbtalned jn Example 2; 
\':25 Figure 5 shows a partial scale view of NMR of Figure 4. 

: ; :Figure 6 shows a partial scale view of NMR of Figure4.-: 
^ : : - ^ a general View of NMRof the product obtained in Example : 3i 

: ^ -i^Figure;; 8' s hows ; : a -p'artia I :s.cal e : vie w -of! N MR -of 

Figure 9 shows a partial scale view of NMR of Figure 7. 
30 : ; Figure lO sihows an MS spectrum of the product obtained in Example 4. 

^Figure tl of NMR of the product obtained in Example 4, . 

Figure 12 .shows a partial scale view of: NMR: 6f Figure 11 . " 
Figure 13 shows a partial scale view of NMR of Figure 11. 
Figure 14: shows a general view of NMR of the product obtained in Example 5. 
35 Figure 15 shows a pkrtiar scale view of NMR of Figure 14; : 

Figure 16 shows a partial scale view of NMR of: Figure 14. 
: : Figure 17 shows a general view of NMR of the product obtained in Example 6. . • 
. Figure 1 8 shows a : partial scale view of NMR of Figure 17.'; '.:. ■ : ./ 

: . o Figure 1 9 shows; a:^kitiaf scale view of NMR of Figure 1 7. 
40 V ::;: : Figur6 20 shows a general view : of NMR of the product obtained in. Exarhple 7;; : ..; C 

•- : . 
. Figure 22 shows a partial scale view of NMR of Figure 20 
: : Figure 23 shows a general view of NMR of. the product: obtained in Example 8; • 
Figure 24 shows a partial scale view of NMR of Figure 23. 
45 Figure 25 shows a partial scale view of NMR of Figure 23. 

: ; Fiigure 26 shows a of the product obtained : 

; : * Figure of NMR of Figure 26. 

Figure 28 shows ah MS spectrum of the product obtained in Example 1 0. 
Figure 29 shows a general view of NMR of the product obtained in Example 10. 
so Figure 30. shows a partial scale view of NMR of Figure 29. 

Figure 31 shows a partial scale view of NMR of Figure 29. 

THE BEST MODE FOR CARRYING OUT THE INVENTION 

55 [0015] - .The embodiments and methods for carrying out the present invention are described in detail below. 

■■ [0016] The method for producing a cyclic lactic acid oligomer of the present invention is characterized in that lactides. 
are polymerized in the presence of an alkali metal compound represented by the following formula (2): 
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. R-Y-Me (2)' 

: wherein ; 

/ "■s : ; • v;^ ' •. * : • • ' 

• Ryrepresents an aliph group, -Si(R 10 )(R 11 )(R 12 ), -CH(R 20 ) CONR 21 R 22 or -CH(R 30 )COOR 31 , 

• wherein each of R 10 , R 11 and R 12 independently represents an aliphatic or aromatic group, R 20 represents an 
aliphatic group,. each of R 21 and.R 22 Independently represents a hydrogen atom, aliphatic group or aromatic group, 
: : R30 represents an al iphatic group/ and R 31 represents a hydrogen atom, aliphatic group or aromatic group; 
V Yvrepresents ;iQ-Vl-S.^pr. -N R 40 -;. wherein '.Rtf> represents a' hydrogen atom, aliphatic group oraromatic group; and 
. Merepresentsan :alkali : :meta1;v":.-v:- " 

.;• [0017] The raw material in the production method ofthe present invention is lactide (3,6-dimethyl-1 ,4-dioxane-2,5-di- 

■ one) obtained by condensation of two molecules of lactic acid by dehydration, and this lactide is reacted in the presence 
'5 , : pf the alkali: metal c^ above-mentioned formula (2). The formula (2): 

R-Y-Me ;. (2) 

: ip: is IdescribW^ 

V : [0018] In formula (2), R represents an aliphatic group, aromatic group, -Si(R 10 )(RHj(R^ 2 ), -CH(R 20 ) CONR 21 R 22 or 
.-GH(R 30 )CO6r 31 , wherein each of Ri°, R 11 : and R 12 independently represents an aliphatic or aromatic group, R 20 
. ; . represehts an aliphatic group, each of R 21 and R 22 independently represents a hydrogen atom, aliphatic group or 
^aromatic group, R 30 represents an aliphatic group, and R 31 represents a hydrogen atom, aliphatic group or aromatic 
. 25 : .. group.; . : 

[Q019] The aliphatic group in the present specification may be a straight chain, branched chain, cyclic, or combined 
thereof,, and may be saturated or unsaturated aliphatic hydrocarbon group having 1 to 12, preferably 1 to 6 carbon 
: atoms; Examples thereof include alkyl groups such as methyl, ethyl, n-propyl, i-propyl, n-butyl, i-butyl, t-butyl, octyl 
and dpdecyl, and cycloalkyl groups such as cyclopropyl, cyclobutyl, cyclooctyl and cyclododecyl. The aliphatic group 
30 . may be an unsaturated hydrocarbon group having a double. or triple bond! 

[0020] The aromatic group in the present invention may be an aryl group and an arylalkyl group having 6 to 30, 
preferably 6 to 20 more preferably 6 to 12, and further more preferably 6 to 1 0 carbon atoms Examples of the aryl 
group :inciude:p^ and naphtnyj , and examples of the arylalkyl group include. benzyl, phenethyl and naphthyl- 

35 [0021] The aliphatic group and the aromatic group may have one or more substrtuent(s) The type of substituents is 
• ^ a straight chain. ibranched chain or cyclic alkyl group a straight chain, 

branched chain or cyclic alkenyl group, a straight chain, branched chain or cyclic alky ny I group, an aryl group, an 
acyloxy group, an alkoxycarbonyloxy group, an aryloxycarbonyloxy group, a carbamoyloxy group, a carbonamide 
; ::. ; : v a carbamoyl group,' a sulfamoyl; group, an alkoxy group, an aryloxy group,- an aryloxycar- 

40 bonyl group,:an alkoxycarbonyl group, an N-acylsulfamoyl group, an N-suffamoylcarbamoyl group, an alkylsulfonyl 
group, an arylsuifonyl group, an alkoxycarbonylamino group, an aryloxycarbonylamino group, an amino group, an 
ammonio group, a cyano group,' a nitro group, a carboxyl group, a hydroxy! group, a sulfo group, a mercapto group, 

■ an alkylsulfihyl group, an arylsulfinyl group, an alkylthio group, an arylthio group, an ureide group, a heterocyclic group : 
(e.g. a monocyclic or condensed ring containing at least one or more. nitrogen, oxygen or sulfur atom(s) and consisting 

45 of 3 to 1 2 ring forming members), a heterocyclic oxy group, a heterocyclic thio group, an acyl group, asulfamoylamino 
group, a silyl group, and a halogen atom! In the above description, the carbon number of alkyl, alkenyl, alkynyl and 
;•■ alkoxy. is generally 1 to 12, preferably 1 to 6, and the carbon number of aryl Is generally 6 to 20, preferably 6 to 10. 
: v [0022] • I n f orrnula (2) ,.Y [represents -0-, -S- o r -N R 40 - , wherein R 40 represents a hydrogen atom, aliphatic group or 
aromatic group. Preferably, Y is -O- or-S-. Examples of aliphatic or aromatic groups represented by R 40 are as stated 
so above y y. \ -^y ;••:•.,.'.. • . • • 

} [0023] • I n f o rm u la (2) , : M e represents an alkali metal: Examples of alkali metal include Li, Na or K, and Li is preferable. ". 
[002:4] Among compounds represented by formula (2), the compounds having asymmetric carbon atoms may be 
■"■ anyjone 6i(R)forrh/ 

' [0025] A method for obtaining an alkali metal compound represented by formula (2) is not particularly limited, and a 
55 person skilled in the art can obtain the compound as appropriate. For example, the alkali. metal compound can be 
obtained by reaction of R-YH wi^ 

: [0026] Where iactides are polymerized in the presence of an alkali metal compound represented by formula (2) 
.according to the method of the present invention, the amount of 'alkali metal compound (R-Y-Me) is preferably 0.1 to 
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: • f m^^ 

[0027] When the method of the present invention is carried out, the reaction temperature is not particularly limited 
as iongias the! reaction progresses- and the. reaction temperature is preferably -1o6°C to room temperature, more 
preferably -78°C to -50 6 p. It is preferable that the reaction is initiated at a temperature of -78°C to -50°C and that the 

5 reactiqn is performed while gradually raising the temperature to room temperature. 

[0028] Polymerization reaction of I actides in the method of the present invention is preferably carried out in the 
. presence of a reaction solvent. The reaction . solvent is not particularly limited as long as it is inactive for the reaction, 
and examples of preferred solvents include cyclic ether such as tetrahydrofuran, diethylether, and dimethoxyethane. 
Examples of reaction atmospheres may be inactive gas atmospheres such as nitrogen gas and argon gas. Reaction 

10. pressure is not particularly. limited, and is preferably normal pressure. . 

[0029] Next, the reaction mechanism of production of a cyclic lactic acid oligomer by the method of the present 
invention is described, but the following theory is not intended to limit the scope of the present invention. The case of 
using Li as an alkali metal compound is described herein, but it is considered that the reaction mechanism is similar 
where other alkali metal compounds such as Na or K are used. In the polymerization reaction of lactides in the method 

15 of the present invention, first, a lithium compound and lactide are reacted to generate a chain lactic acid derivative 
represented by the following formula (4): • 



'to. h . • • OLi ; ,CH3 : O : ; 

CH3-C-C-O-C C-O-C-C-YR -V"- (4) 

H O H H O . 
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wherein Y and R are as defined above in the present specification. Then, lactide is reacted with this compound to 
generate a chain lactic acid oligomer represented by the i^ 



(5) 




wherein m, Y and R are as defined above in the present specification. Subsequently, RYLi is removed from this com- 
pound, and the compound is cyclized, so that a cyclic lactic acid oligomer of the above formula (1 ) is considered to be 
generated.. '■' . 

to [0030] The composition of a lactic acid oligomer obtained by the method of the present invention is changed de- 
pending on an alkali metal compound used as a reaction assistant. For example where the alkali metal compound 
(preferably a lithium compound) of all^l alcohol having 1 to 3 carbon atoms is used, a mixture (the ratio of cyclic' lactic 
acid oligomer : 80 to 85% by weight) of a cyclic lactic acid 0 1 igbmer. and a chain oligomer can be obtained. In contrast, 
where the alkali metal compound of alky I alcohol having 4 or more carbon atoms such as t-butyl alcohol, or the alkali 

45 :', metal compound of., thio phenol, and the like , is usedj ; substantially :0^ oligomer can be obtained 

selectively Also, substantially only cyclic lactic acid oligomer can be obtained selectively by using, as an alkali metal 
compound, a compound of formula (2) wherein R is -CHfR 20 ) GONR 21 R 22 , wherein R 20 is an aliphatic group and each 
of R 21 and R 22 is independently a hydrogen atom, aliphatic group or an aromatic group, more specifically, for example, , 
lactic acid amide represented by the f 6 1|^ 

CH3-C-C-NH2 (3) 

«. H O 



The term "substantially only cyclic lactic acid oligomer is obtained selectively" is used in the present specification to 
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mean that substantially no chain lactic acid oligomers are generated in a reaction product, and specifically it. means 
that the ratio of chain lactic acid oligomer to total lactic acid oligomer in a reaction product is generally 10% by weight 

.:: : [0631]! ;■ As staled above, one ac^ahtageof the present invention. is that the composition of acyclic lactic acid oligomer 
: 5 • • and-a chain oligomer in a reaction product can be controlled by selection of the type of an alkali metal compound. 
, [0032] -According to the method of the present invention, there is produced a cyclic lactic acid oligomer represented 
. : by the following formula (1): 




[0034] The reaction -product obtained by the method: of the present invention is generally a mixture of cyclic lactic 
acid oligomers, wherein m represents an integer of 1 to 30, for example, 1 to 28 1 to 25, 1 to 21 , or 1 to 1 9. 
[0035] The present invention also relates to a cyclic lactic acid oligomer, which is produced by the aforementioned 
method for producing a cyclic lactic acid oligomer of the present invention. In a preferred embodiment for the present 
25 invention, a mixture of cyclic lactic acid oligomers substantially free of chain lactic acid oligomers can be produced 
[0036] . The mixture of cyclic lactic acid oligomers producedtoy the method of the present invention (or a single sub- 
stance obtained by purification from the mixture) is useful as a tumor cell growth inhibiting agent, an antineoplastic 
.agent, a preventive agent against cancer metastasis, a QOL improving agent for cancer patients, an immune activating 
agent, and the like, and the mixture can also be used for prevention and/or treatment of diabetes, or diabetes compli- 
30 cations since it has an action of reducing blood sugar level. Moreover, the mixture of cyclic lactic acid oligomers pro- 
duced by the method of the present invention (or a single substance obtained by purification from the mixture) has an 
action of rep ressihg excessive appetite and promoting basal metabolism, and so it can be used also as a medicament 
useful for improvement and/or prevention of adiposis and enhancement of effects of kinesitherapy, and is also useful 
as an agent for prompting glycogen accumulation or an agent for enhancing physical fitness. Furthermore, a cyclic 
35 " lactic acid oligomer produced by the method of the present invention is useful not only as a medicament, but.also as 
health foods or diet supplements including beverages, which is generally called soft drinks, drinkable preparations, 
■ health foods, specific hygienic foods, functional foods, function activating foods, nutritional supplementary foods, sup- 
plements, feed, feed additives, and the like. 

[0037] The present invention is further described in the following examples. It is apparent to those skilled in the art 
40 that materials, usage, proportion, treatment, treatment process and the like shown in the following examples can be 
modified as appropriate, aslong as the modifications are within the spirit and scope of the invention, and the examples 
are hot intended to limit the scope of the invention. 

EXAMPLES 

45 

V Example 1 

[0038] • A TH F solution. (2ml) in. which 0.033g (i .03mmol)of methanol was dissolved was added to a 50ml double- 
cap eggplant-shaped flask under a nitrogen atmosphere, and cooled to -78°C in a dry ice/acetone bath. Then, 0.64ml: 
. ' so (1 iOOmmol) of n-butyllithium was added thereto and the mixture; was stirred for 1 5 minutes. Further, a THF solution ; 
. (2ml) in which 0;576g (4;00mrhol) of (3R,6R)-(+)-3,6-d was dissolved was added thereto 

and stirred, and the temperature was gradually raised to room temperature over 4 hours 

:[0039] After completion of stirring, 2nril of saturated ammonium chloride was added to the mixture while maintaining 
: a nitrogen atmosphere, and .1 0ml of water Was further added thereto. The mixture was extracted with chloroform and 
. 55 ; : a saturated saiine; solution and washed v and then anhydrous sodium sulfate was added thereto and dried overnight. 

The obtained product was subjected to vacuum concentration in which solvent was completely removed with a vacuum 
. pump. As a result, '^0.551 g (yield.:90.5%) of product consisting of a mixture of c^^^ 

was obtained with a weight ratio between cyclic oligomer and chain oligomer being 84: 16. 
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[0040] A general view of NMR of the product obtained in Example 1 is shown in Figure 1 , and scale views of a part 
of; Figure 1 are shown in Figures 2 and 3. 

Example 2 ... 

•••: : 5;:' ■ : ; '. . : ' ' •/ . ■• . • - ■ 

[0041]; ATHF solution (2ml) in which 0.054g (i.17mmol) of ethanol was dissolved was added to a 50ml double-cap 
eggplant-shaped flask under a nitrogen atmosphere, and cooled to -78°C in a dry ice/acetone bath. Then, 0.64ml 
(iudmrnol) of n-butyllithium was added thereto: and the mixture was stirred for 15 minutes. Further, a THF solution 
•• : (2ml) in which 0:576g ^ was added thereto 

ip ... ahci stirred for 

[0042] After completion of stirring, 2ml of saturated ammonium chloride was added to the mixture while maintaining 
: a nitrogen atmosphere and 10ml of water was further added thereto, and then the temperature was raised to room 
v •;.;• r temperature by: removal of the: dry ice/acetone bath. Subsequently, the mixture was extracted with 20ml of ether 8 
times, and the ether layer was washed with 30ml of saturated saline solution, Then, anhydrous sodium sulfate was 
is added thereto and dried while stirring for 1 hour. The obtained product was subjected to vacuum concentration in which 
solvent was completely removed with a vacuum pump. As a result, 0 535g (yield 84,9%) of product consisting of a 
mixture of cyclic oligo- lactate and: chain oligo-lactate was;: obtained witha 1 weight ratio between cyclic oligomer and 
; chain oligomer being 82:18. . ' A- V 

[0043] A general view of NMR of the product obtained in Example 2 is shown in Figure |4: and scale : views of a part 
20 of Figure 4 are shown in Figures 5 and 6. 

: '. . -Example.^ - -.; 

[0044] A THF solution (2ml) in which 0.062g (1 03mmol) of 2-propanol was dissolved was added to a 50ml double- 
ts cap eggplant-shaped flask under.a nitrogen atmosphere, and cooled to -78°C in a dry ice/acetone bath. Then, 0.64ml 
■ . (I.OOmmolj of n-butyllithium was added thereto and the mixture was stirred for 15. minutes. Further, a THF solution 
(2ml) in which 0.576g (4.00rhmol) of (3R,6R)-(+j-3,6-dimethyl-1 ,4-dioxane-2,5-dione was dissolved was added thereto 
and stirred and the temperature was gradually raised to. room temperature over 4 hours. 

[0045I] After completion of stirring, 2ml of saturated ammonium chloride was added to the mixture while maintaining 
?o '. . a nitrogen athiosphere, and 1 0ml of water was further added thereto;. The mixture was extracted with chloroform and 
'■: ; a saturated saline^ and dried overnight 

. : T^ to vacuum concentration in which solvent was completely removed with a vacuum 

pump: As a result ,;0 .58 9g (yield 92 . 3%) of product consisting of a mixture of cyclic oligd-lactate and chain oligo-lactate 
was obtained with a weight ratio between cyclic oligomer and chain oligomer being 80 : 20. 
35 [0046] A general view of NMR of the product obtained in Example 3' is shown in Figure 7, and scale views of a part 
of fig Lire 7 a re sh own S n Fig u res 8 and 9/ ' 

Example 4-v 

40 [0047] A THFsolution (2ml) in which 0.074g (1 OOmmol) of tert-butanol was dissolved was added to a 25ml double- ' 
• cap eggplant-shaped flask under a nitrogen atmosphere, and cooled to -78° C in a dry .ice/acetone bath. Then, 0.64ml " 
(1 OOmmol) of n-butyllithium was added thereto. and the mixture was stirred for 15 minutes. Further, a THF solution 
(2ml) in which 0.434g (3.01 mmol) of (3R,6R)-(+)-3,6-dimethyi-1 ,4-dioxane-2,5-dione was dissolved was added thereto : 
and stirred, and the temperature was gradually raised to room temperature over 2.5 hours 

. ;[b048] : >^ 

; . a Jri itrpgen aitmosp he re , ia n d -1 Orri j of water Was fu rth e r add ed th ereto . The m j xtu re was; ext racted wit h chloroform, and 
. a ^saturated saline sblution;and washed, and then anhydrous sodium sulfate was added thereto and dried overnight. .... 
: . ; The obtained:prpduct was subjected to vacuum concentration in which solvent was completely removed with a vacuum 
pump.-As a result, 0.537g (yield 82.5%) of cyclic oligo-iactate wherein all asymmetric carbon atoms have an R config- 
50 uration, was obtained. • . • 

[0049] An MS spectrum of the product obtained in Example 4 is shown in Figure 1 0. In addition, a general view of 
NMR of the,product obtained in Example 4 is shown in Figure 11 , and scale views of a part of Figure 11 are shown in 
Figures 12 and 13. 

55 Example 5 . 

[0050] A THF solution (2ml) in which 0.11 7g (1 .06mmol) of thiophenol was dissolved was added to a 50ml double- 
cap eggplant-shaped flask undera nitrogen atmosphere, and cooled to -78°C in a dry ice/acetone bath. Then, 0.64ml 
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: (1.00mmol);orn-butyllithium was added thereto and the mixture was stirred for 15 minutes. Further, a THF solution 

(2ml) in which 0 576g (4.00mmol) of (3R,6R) (+)-3,6 dimethyl- 1 ,4-dioxane-2,5-dione was dissolved was added thereto 
. :arid stirred; and the temperature was gradually rais 

[0051] rafter cpmpletion of stirring, 2ml of saturated ammonium chloride was added to the mixture while maintaining 
5} . ari^ was further added thereto! The mixture was extracted with chloroform and 

a saturated saline solution and : washed, and then anhydrous sodium sulfate was added thereto and dried overnight. 

The obtained product was subjected to vacuum concentration in which solvent was completely removed with a vacuum 

pump; As a result, 0.61 2g (yield 88i3%) of product was obtained. It was confirmed by NMR analysis that this product 

comprised cyclic oligo-lactate and chain oligo- lactate at a weight ratio of 96 : 4. 
10 [0052] 0.238g of the product was isolated and purified using silica gel chromatography (solvent; hexane : ether = 1 : 

2) to obtain 5 fractions (fraction Nos. 10-1 to 10-5). 

[0053] A general view of NMR of the product obtained in Example 5 is shown in Figure 14, and scale views of a part 
:■ of Figure 14 are shown in Figures 15 and 16. 

15 . , Example 6 . 

. [0054] 3ml of THF solution containing 0.089g (1mmol) of S-lactic acid amide was added to a 50ml double-cap egg- 
plantrshaped flask at room temperature under: a nitrogen atmosphere, and 0.64ml (1. OOmmol) of n-butyllithium was 
reacted therewith at -78° C followed by stirring for 15 minutes. Further, 2ml of THF solution containing 0.576g (4mmol) 
20 ; of L-(-)-lactide was added thereto and reacted therewith for 30 minutes, and then the temperature was raised from 
■■ -78°C to 0 o G followed by reaction for i .5 hours. Subsequently, the temperature was further raised to room temperature 
;by addition of 5ml of saturated ammonium ch solution. Afterthe mixture was extracted with chloroform, the organic 
layer was! washed with a saturated saline solution, and dried with anhydrous sodium sulfate followed by vacuum con- 
, centration ^ 

[0055] A geheral view of NMR of the product obtained in Example 6 is shown in Figure i 7, ahd.scale views of a part > 
of. Figure 17 are shown in Figures 18 and 19. 
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Example 7 -:_=.- . = ' : \* " ' '. -V- . . . \ - 

30 : [0056] ;"A;THF solution' ^ which 0.090g (1.00mmol);of trimethylsilanol was dissolved was added to a 25ml 
double cap eggplant-shaped flask under a nitrogen atmosphere, and. cooled to 0°C. Then, 0 64ml (1 OOmmol) of n- 
.. butyllithium was added thereto. and the mixture was stirred for 1 5 minutes. Further, a TH F solution (2ml) in which 0.434g 
(3;01mmol) of ^ (SR.eRJ-^-S.e-dimethyl-l ,4-dioxane -2,5-dione was dissolved was added thereto and stirred, and the 
• temperature was gradually raised to room temperature over 2.5 hours. 

35 [0057] : After completion of stirring, 2ml of saturated ammonium chloride was added to the mixture while maintaining 
a nitrogen atmosphere, and 1 0ml of water was further added thereto. The mixture was extracted with chloroform and 
a saturated saline solution and washed, and then anhydrous sodium sulfate was added thereto and dried overnight. 
The obtained product was subjected to vacuum concentration in which solvent was completely removed with a vacuum 
pump. As a result, 0.537g (yield 82 .5%). of cyclic oligo-lactate wherein all asymmetric carbon atoms have an R config- 

40 uration, was obtained. ' 

[0058] A general view of NMR of the product obtained in Example 7 is shown in Figure 20, and scale views of a part 
of Figure 20 are shown in Figures 21 and 22; 
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Example 8 



[0059] • >A tHF:S0luti6n ;(2ml) in which 0.276g (iCoOmmol); of triphenylsilanol was dissolved was added to a 25ml 
: double-cap ieggplant-shaped flask under a nitrogen atmosphere, and copied to 0 P C. Then , 0. 64ml ( 1 OOmmol) : of n- 
butyllithium was added thereto and the mixture was stirred for 1 5 minutes. Further, a THF solution (2ml) in which 0.434g 
(3:01mmol) of :(3R,6Rj-(+)-3,6-dimethyl-^ was dissblved.was added thereto and stirred, and the 

50 temperature was gradually raised to room temperature over 2 5 hours. 

, [0060]' \; After comjpletibh of stirring,:2ml of saturated ammonium chloride was added to the; mixture while maintaining 
• a nrtrogen atmosphere,. and 10ml of water was further added thereto.. The mixture was extracted with chloroform and 
a saturated saline solution and washed, and then anhydrous sodium sulfate was added thereto and dried overnight. : 
The obtained product was subjected to vacuum concentration in which solvent was completely removed with a vacuum 
55 pump. As a result, 0.537g (yield 82.5%) of cyclic oligo-lactate wherein all asymmetric carbon atoms have an R config- 
uration, was obtained. • 

[0061] A general view of NMR of the product obtained in Example 8 is shown in Figure 23, and scale views of a part 
of Figure 23 are shown in Figures 24 and 25. 
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Example 9 

[0062] A THF solution (2ml) in which 0 1 32g (LOOmmol) of t-butyldimethylsilanol was dissolved was added to a 25ml 
double-cap eggplant-shaped flask under a nitrogen atmosphere, and cooled to 0°C Then, 0 64ml (1 OOmmol) of n- 
5 butyllithiurri was added thereto andthe mixture was stirred for 

• : (3;bi mmol) of ^ added thereto; and stirred, and the 
temperature was gradually raised to room temperature over 2.5 hours. 

[0063] After completion of stirring, 2ml of saturated ammonium chloride was added to the mixture while maintaining 
: a nitrogen atmosphere, and 10ml of water was further added thereto: The mixture was extracted with chloroform and 
10 a saturated saline solution and washed, and then anhydrous sodium sulfate was added thereto and dried overnight 
The obtained product was subjected to vacuum concentration in which solvent was completely removed with a vacuum 
pump. As a result, 0^ carbon atoms have an R config- 

uration, was obtained. 
[0064] : A general y 
v. 15 ^art of Figure26 is shown in Figure 27; . 

i;£xarnpl e ' .1 6:"V- : = . ' " : " : . I • -.^ ; :• " : :; : v :> ' : 

[0065] 3ml of THF solution containing 0.11 8g (1 mmol) of ethyl S-lactate was added to a 50ml double-cap eggplant- 
■ 20 ■ shaped flask at room temperature under a nitrogen atmosphere, and 0.64ml (1 .OOmmol) of n-butyllithium was reacted 

• . therewith at -78°C followed by stirring for 1 5 minutes. Further, 2ml of THF solution containing 0.576g (4mmol) of L-(-)- 
lactide was added thereto and reacted therewith b 30 minutes, and then the temperature was raised from -78°C to 
0°G followed by reaction for 1.5 hours. Subsequently, the temperature was further raised to room temperature by 

. i ; addition of 5 ml of saturated ammonium chloride sol utlon. After the imixtu re was extracted with chloroform , the organic 
25 layer was washed with a saturated saline solution, and dried with anhydrous sodium sulfate followed by vacuum con-, 

■ centration (NMR sa01 40), to obtain the residue. 

[0066] An MS spectrum of the product obtained. in Example 10 is shown in Figure 28. In addition, a general view of 
NMR of the product obtained in Example 10 is shown in Figure 29, and scale views of a part of Figure 29 are shown 
in Figures 30 and 31. 

INDUSTRIAL APPLICABILITY 

[0067] According to the method for producing a cyclic lactic acid oligomer of the present 
acid oligomer can be produced at good yield, and its industrial significance is great In addition, a cyclic lactic acid 
. 35 oligomer produced by the. prbductioh method" of the' presentinventjoh Is useful asa tumor cell growth : inhibit ing agent , 
. antineoplastic agent, preventive agent against cancer metastasis, QOL improving agent for cancer patients, immune 
' activating agent, therapeutic agent for diabetes, antiobestic agent, an agent for promoting glycogen accumulation or 
an agent for enhancing physical fitness. Furthermore, the cyclic lactic acid oligomer is useful not only as a medicament, 
but also as various types of health foods and diet supplements including soft drinks, drinkable preparations, health 
to foods, specific hygienic foods, functional foods, function a 
feed, feed additives, and the like. 

Claims 

1 . . A.method for producing a cyclic lactic acid oligomer represented by the following formula (1); 
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H 3 C O 
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';';• wherein- ^'represents an initegerof 1 '.to 30,- : ;, : 7 

" i wherein iactldes: are polymerized in the presence of an; alkali metal compound represented by the following formula 

- ••'••;-'(2)--:\:i- ; :;':- : ; .V;-";- ; ; - r^'^\ y : . ' > : ";' . • '•• " ' ■ ' ';' : " : 

:'-5- i':::*::'--. • '",- ' '• '. ' • '^ ' '" .'' ' ; ' ' ' ' • ■ 1 ] . 

} R-Y-Me (2) 

••.whereih'-^ 

10 .;■ R represents an aliphatic group, aromatic group, -Si(R 10 )(R 11 )(R 12 ), -CH(R 20 ) CONR 21 R 22 or -CH(R 30 ) 

COOR 31 , wherein each of R 10 , R 11 and R 12 independently represents . an aliphatic or aromatic group, R 20 
represents an aliphatic group, each of R 21 and R 22 independently represents a hydrogen atom, aliphatic group 
or aromatic group,: R 30 represents an aliphatic groups and R 31 represents a. hydrogen atom, aliphatic group 

;• . y,praromatlc : gi^up;::':-, . -;'v ; :; : . \- '"• 

15 Y represents -0-, -S- or -NR 40 -, wherein R4° represents a hydrogen atom, aliphatic group or aromatic group; 

Me represents an alkali metal. 

: 2. The method for producing a cyclic lactic acid oligomer according to claim 1, 
20 wherein said alkali metal compound is a compound of formula (2) wherein R represents an alkyl group having 1 

to 12 carbon atoms, aryl group having 6 to 30 carbon atoms, -Si(R 10 )(R 11 )(R 12 ) > -CH^R^CONR^R 22 or-CH(R 30 ) 
COOR 31 , wherein each of R 10 , R 11 and R 12 independently represents an aliphatic or aromatic group, R 20 represents 
an aliphatic group, each of R 21 and R 22 independently represents a hydrogen atom, aliphatic group or aromatic 
group, R 30 represents an aliphatic group, and R 31 represents a hydrogen atom, aliphatic group or aromatic group. 

3; 

is a compound of formula (2) wherein Y is -O- or -S- 

':-'•:' 4. /The method for producing ^cyclic la^ according to any one of claims 1 to 3^ wherein said alkali 

30 :W Me is lithium. 

. 5. . Th e method for producing a cyclic lactic acid oligomer according to any one ;of claims 1 to 4, wherein, in formula 

';' . ; ;: (1);::m' is : ah^ integer of 1 to 21 . ^ • 

35 6. The method for. producing a cyclic lactic acid oligomer according to any one of claims 1 to 5, wherein said alkali 
metal compound is any of: 

a compound of formula (2) wherein R is an aliphatic group having 4 or more carbon atoms; a compound of 
formula (2) wherein R is an aromatic group and Y is -Ss or. a compound of formula (2) wherein R is -CH(R 20 ) 
40 • . CONR 21 R 22 wherein R 2 ? represents an aliphatic group and each of R 21 and R 22 independently represents a 

hydrogen atom, aliphatic group or aromatic group 

7. The method for producing a cyclic lactic acid oligomer according to claim 6, wherein cyclic lactic acid oligomer is 
selectively produced substantially free of chain lactic acid oligomer.: 

8. A cyclic lactic acid oligomer, which is produced by the method for producing a cyclic lactic.acid oligomer according 
to any one of claims 1 to 7. 

9. The cyclic lactic -acid oligomer accordin g to claim 8, which is substantially free of chain lactic acid oligomer. 
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